A significant rise in plasma glycine concentration was observed in nine elderly patients undergoing endoscopic transanal resection of rectal tumours using glycine solution for irrigation. Despite the obvious absorption of glycine, plasma sodium concentration and osmolality were not significantly altered, except in a patient whose rectal wall was perforated. In this case plasma sodium and osmolality fell, and the patient developed hyperammonaemia. Potentially adverse metabolic consequences may occur when there are surgical complications, but in the absence of such problems the absorption of glycine appears to cause little effect.
SUMMARY. A significant rise in plasma glycine concentration was observed in nine elderly patients undergoing endoscopic transanal resection of rectal tumours using glycine solution for irrigation. Despite the obvious absorption of glycine, plasma sodium concentration and osmolality were not significantly altered, except in a patient whose rectal wall was perforated. In this case plasma sodium and osmolality fell, and the patient developed hyperammonaemia. Potentially adverse metabolic consequences may occur when there are surgical complications, but in the absence of such problems the absorption of glycine appears to cause little effect.
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Endoscopic transanal resection of rectal tumours is a relatively simple and inexpensive procedure, and can be used for symptom palliation in frail, elderly patients.' Irrigation of the operation site with glycine solution facilitates the procedure. It is known, however, that glycine solution can be absorbed into vessels at operation sites, and glycine irrigation during transurethral prostatectomy occasionally causes major fluid and electrolyte disturbance.s-' Glycine absorption can also occur during transcervical resection of the endometrium." In these situations glycine absorption is presumed to occur into open venous beds. Absorption of glycine from irrigation of the rectum and large bowel has not been studied previously, yet the colon has a rich vascular supply and also a specific independent capacity for absorption. Moreover, depending on the tumour site, endoscopic transanal resection has greater potential for viscus perforation than the other procedures. In view of these factors, we felt it important to document glycine absorption from glycine irrigation of the lower bowel, and to ascertain whether it caused any adverse metabolic effects.
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SUBJECTS AND METHODS
The operative procedure, described in detail elsewhere,' is similar to transurethral resection of the prostate, and is performed using a large diameter resectoscope. The area is continuously irrigated with 1· 50/0 w/v glycine solution. Serial blood specimens were taken at intervals from nine fasted patients (four men, five women) aged 63-84 years undergoing endoscopic transanal resection of rectal tumours, including irrigation for 20-30 min with 5-l0L of 1'5% w/v glycine solution (aminoacetic acid, USP, Boots, Nottingham, UK; osmolarity 205 mOsmollL). The blood was collected into specially prepared ammonia-free lithium heparin tubes and the plasma was separated by centrifugation within 10 min. Plasma osmolality was measured by depression of freezing point, plasma concentration of urea and glucose were measured enzymatically on a Technicon RA 1000 analyser and sodium and potassium were measured using an ion specific electrode (Technicon Instruments Corp., NY, USA) using Technicon reagents. Plasma ammonia concentration was measured immediately using a two stage procedure with chemical liberation of the ammonia and subsequent measurement of pH change using a glass electrode (equipment designed by Dr Kay, Chemical Pathology Department, Oxford, UK). The plasma concentration of glycine and other 265  250  3  225  324  259  245  4  200  295  500  320  5  237  465  331  300  6  165  236  227  172  7  155  201  272  183  8  160  278  250  170  9 422 2590 6500 4000 1  121  154  233  278  270  2  105  108  107  3  156  140  143  4  145  105  142  320  5  110  116  112  6  93  95  86  7  96  81  78  8  99  105  110  103  9  170  186  239  492 amino acids was measured by high pressure liquid chromatography using the Waters 'PICO.TAG' amino acid system with BDH standards and samples derivatized using phenylisothiocyanate.
RESULTS
Tables 1-3 summarized the biochemical results on specimens taken pre-operatively and at the specified intervals during and after surgery. The operation took 25-30 min. Intravenous fluid infusion (Hartman's solution) during this time was about 200 mL. The mean volume of glycine solution used for irrigation was 9600 mL (range 6000-21000 mL). The mean volume unaccounted for at the end of the operation was 1000 mL (range 500-2250 mL), although in one patient (No.9) who had intestinal perforation 3750 mL was not recovered during or immediately after surgery. Plasma sodium, potassium, urea, glucose and osmolality did not change significantly either during, or immediately post-operatively in patients 1-8 (Wilcoxon paired signed-ranks test) but the plasma sodium concentration and osmolality fell in the patient with the rectal perforation, by 5 mmollL and 8 mOsmollKg, respectively, by 30 min. At 75 min the levels were 6 mmollL and 3 mOsmollKg lower than preoperatively, but this was probably influenced by intravenous fluid infusion in response to the surgical problems. Plasma glycine concentration rose significantly in all patients (P<O'Ol, Wilcoxon paired signed-ranks test). In the seven patients with an intact gastrointestinal tract (Nos 2-8), the maximum rise was 150010 above baseline. An increase was seen by 10 min into the operation: the 20 min value was generally near the maximum, and levels had generally fallen within 2-4 h. Plasma serine concentrations rose in most patients within 30 min. However, in two patients (No.9, whose tumour was perforated, and patient No.1, with a previous hemi-colectomy) the plasma glycine concentrations rose over lO-fold to exceed 6 and 2·5 mmollL, respectively, with the peak concentrations occurring later. The plasma serine concentrations doubled in these patients-to almost 500 ,.,.mollL in the patient with rectal perforation and she also developed moderate hyperammonaemia (plasma ammonia 135 ,.,.moIlL; reference value < 40 ,.,.moIlL).
Plasma ammonia concentration rose to 60 ,.,.mollL in Patient 1, but remained unchanged within the reference range in the other patients. There were no consistent changes in the plasma concentrations of other amino acids measured.
DISCUSSION
Endoscopic transmural resection provides a surgical alternative to anterior-or abdominoperineal resection for elderly or frail patients. I However, such patients may be least able to cope with any rapid biochemical changes and/or fluid shifts. Glycine is popular as an irrigating fluid because of its optical properties and the fact that it is non-electrolytic. The colon is specifically an absorptive organ, so there is the potential for active absorption as well as direct flow of solution into a transected vascular bed. Absorption of large amounts of glycine solution through the prostatic bed or the endometrium tends to cause marked hyponatraemia-" and clinical symptoms, and hyperammonaemia has been documented following prostate resection with glycine irrigation.' Marked hyponatraemia was not seen in our patients, even the two (patients Nos I and 9) with 2· 2 and 3·7 L of fluid 'unaccounted for', but the plasma sodium did fall from 140 to 134 mmol/L in the latter patient with the rectal perforation, and hyperammonaemia occurred. Unfortunately it was not possible to delineate whether there were any clinical symptoms directly related to this as the patient was elderly, sedated and recovering from further surgery. No obvious electrolyte changes or symptoms were noted in the patient with a previous hemicolectomy despite the marked rise in plasma glycine, and it is possible that in this situation there was some specific glycine absorption with less accompanying fluid uptake. Some glycine solution may obviously remain in the colon and be excreted later, but the considerable rises in plasma glycine indicate absorption of a reasonable quantity. The subsequent fall, and the rise in plasma serine, as well as the rapid rise in ammonia in patient 9, indicates that the glycine is metabolized promptly.
Glycine is absorped into the circulation through the bowel wall when a solution of the amino acid is placed in the rectum. It appears to be metabolized as usual, but potentially adverse metabolic consequences may occur when there are surgical complication or anatomical abnormalities, and particularly when there is the potential for absorption of large volumes. This needs to be considered when evaluating the use of this fluid for surgical irrigation.
